Abstract. This study presents the analysis of energy consumption for domestic hot water in apartment buildings in Riga. The aggregate data contains information about 39 apartment buildings, including heat energy consumption and domestic hot water (DHW) consumption. The analysis is focused on the heat energy consumption in the DHW system. The analysis characterizes the DHW consumption, energy consumption for DHW and energy losses in the DHW systems in apartment buildings.
INTRODUCTION
The Energy Performance of Buildings Directive (EPBD) [1] in the version of 2010, the so-called recast EPBD, demands in annex I 'Common general framework for the calculation of energy performance of buildings (referred to in Article 3)' that '(1)the energy performance of a building shall be determined on the basis of the calculated or actual annual energy that is consumed in order to meet the different needs associated with its typical use and shall reflect the heating energy needs and cooling energy needs (energy needed to avoid overheating) to maintain the envisaged temperature conditions of the building, and domestic hot water needs'. This is one of essential requirements already established by the EPBD in the version of 2002 [2] .
In Latvia, EPBD requirements have been transposed by the Law on the Energy Performance of Buildings (13th March 2008). The calculation procedures are prescribed by the Regulation onthe Calculation of Energy Performance of Buildings (No. 39 as of 13th January 2009) [3] .
The structure that should be used for the calculation of energy use in space heating systems and domestic hot water systems in buildings is specified in standard EN 15316-1 [4] .
The objective of the calculation is to contribute to the evaluation of the annual energy use of the space heating and domestic hot water systems. If there is seasonal heating in the building, the year should at least be divided into two calculation periods, i.e., the heating season and the rest of the year. Different levels of detail may be used for the different sub-systems of the heating system. However, it is essential that the results correspond to the defined output values of the sub-system: ⎯ energy input; ⎯ energy output; ⎯ system thermal losses; ⎯ recoverable system thermal losses; ⎯ auxiliary energy; in order to ensure proper links to calculations for the following sub-systems and development of a common structure. [5] According to the CEN standards, the energy consumption for domestic hot water (DHW) production is calculated using a three-step approach: 1) building DHW needs, 2) distribution and 3) generation. The correct estimation of the domestic hot water needs is essential. This results in volume and time of hot water needs throughout the year (the gross hot water demand) and tapping patterns. Tapping patterns are important for the calculation of distribution and generation losses. Also the estimation of the contribution of each heat generator (e.g., thermal solar) depends on the tapping patterns. The second step comprises the calculation of the distribution systems. This part of a domestic hot water system is all between the generation system and the point of tapping. Important aspects to be considered in this respect are heat losses and pump energy. The distribution losses can be higher than the domestic hot water needs. The gross hot water needs are delivered by heat generators. There are several types of generators available, andmany of them are also used to provide space heating. Space heating and domestic hot water have some distinctively different properties, so there are separate standards on DHW and space heat generation. DHW is different from space heating in that the heat demand has an interval character and a different temperature level [6] .
The correct characterization of hot water needs is important because the losses of boilers and the distribution system are very sensitive to the couple of frequency and energy content of heat up and cool down at any tapping. Therefore, the needs are defined by the energy amount and also by the tapping patterns. The energy amount of hot water needs could represent about 25% of the final heating needs (or 20 to 25 kWh/m² per year) in existing residential buildings. The percentage of hot water needs increases in well-insulated houses [7] .
The standard EN 15316-3-1 [8] gives four methods for calculation of the energy needs of the delivered domestic hot water:
-energy need related to tapping programs, -energy need related to volume needs, -energy need linear with floor area, -energy need from tabulated values for different building types or functions.
For all methods a national annex is required. The annexes to the standard provide default values. Countries need to decide which method they prefer and which specific energy need, depending on a building type, is suitable.
The EN 15316-3-2 [9] gives methods for calculation of heat losses, the recoverable heat losses and the auxiliary energy of the domestic hot water distribution system. Domestic hot water distribution systems may consist of a circulation system and/or distribution pipes. Distribution pipe losses are dominated by the heating up and cooling down of the pipes at any tapping, so these losses are sensitive to the tapping pattern [10] .
The standard gives five calculation methods for distribution pipe losses:
-heat losses related to floor area, -heat losses related to pipe lengths -simple method, -heat losses related to pipe lengths -tabulated data method, -heat losses related to tapping pattern, -heatlosses based on detailed calculation method. Circulation systems are in general operated at constant temperature. Therefore circulation system losses do not depend on tapping patterns. Loss reduction may be achieved by applying pipe insulation and night set-back.
The standard gives the following methods to calculate circulation system losses:
-heat losses related to circulation pipe length, -heat losses based on detailed calculation method, -heat losses while circulation is off. The total heat losses are the sum of distribution pipe losses (no circulation loop) and circulation system losses (collective part with circulation loop).
Also methods are given to determine auxiliary energy consumption for:
-pumps for circulation systems, -ribbon or trace heating. For all methods a national annex is required. The annexes to the standard provide default values.
Dwelling houses are one of the largest district heat users in Latvia. In 2010, Latvian households consumed 70% of all district heat energy produced [11] . Usually apartment buildings have a single heat meter for both heating and DHW in Latvia. Therefore, if the calculation of energy performance of buildings is carried out, the energy use for heating, DHW consumption, circulation loop and others should be assessed separately.
Analysis of the data helps to find the right solution to apply in case where the appropriate data are not available on evaluating energy performance of apartment buildings. The authors hope to find an appropriate solution to develop a suitable method or tabulate values.
II. METHODS
The authors have analysed the heat energy consumption and water consumption in apartment buildings in Plavnieki and Purvciems area in Riga in the year 2011.
The aggregate data contained information on 39 buildings with 3167 households and total heated area of 158189 m Average annual DHW consumption ratio is 42% of total consumption. Fig. 2 shows DHW consumption ratios per month.
To achieve the objective of the study, the authors have analysed data on DHW consumption and heat consumption in the DHW system. 
III. RESULTS
The study shows specific DHW indicators on the heated area per household and per person (Table I ) and correlation of DHW consumption of these indicators (Figures 3-5) . The most accurate data on DHW consumption is per person (Fig.  5 ). In addition, the study shows that DHW consumption differs by season: -94% of yearly average consumption in the non-heating period (May-September), -106% of yearly average consumption in the heating period (November-March).
Data on October and April are not taken into account because heating is started or stopped in these months.
Total heat consumption in the investigated buildings is from 164 to 225 kWh per m 2 . The specific heat consumption indicators are shown in Table II . To determine the energy consumption for DHW consumption and DHW circulation loop, the authors used data on energy consumption and DHW consumption in the nonheating period (May-September).
The energy consumption Qw for DHW heating for a period is calculated as follows (1): (1) whereQ w -the energy consumption for DHW heating, kWh;V -the DHW consumption per period, m 3 ;ρ w -the water density at temperature θ w,o , kg/m 3 ;C w -the water specific heat capacity, J/kg K;θ w,del -the temperature of cold water (C o );θ w,o -the temperature of DHW (C o );3600-number to take into account for conversion from mega joules to kilowatt hours.
In the investigated buildings, the delivered temperature of cold water ranges from 8 to 13 C o ; temperature of DHWfrom 50 to 55C o (in the calculation used temperature difference is 42 degrees).
Calculation results of heat energy average values per m 2 of heated area per month are shown in Fig. 6 . Heat losses from DHW circulation loop in April and October are calculated by extrapolation. During the non-heated season, the ratio of DHW circulation loop losses in the investigated buildings ranges from 35 to 79% from total heat consumption, and the average loss ratio is 56%.
The DHW circulation losses in most cases range from 14. (Table III) . 
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The evaluation of DHW circulation losses correlation to the heated area and to the number of households showed that more accurate data can be obtained from the heated area (Figures 7-8) . In addition, the authors have compared DHW circulation losses by different design types of apartment buildings. The authors have found out that heat losses from DHW circulation loop during the non-heating season differ by different design types (Table IV) .
The authors intend to carry out further research to find additional features that affect the hot water circulation losses in various types of buildings. 
IV. DISCUSSION
The DHW consumption differs by season in apartment buildings with district heating in Riga. DHW consumption was 94% of yearly average in the non-heating period (MaySeptember). It should be taken into account when evaluating energy consumption of DHW system in buildings with a single heat meter for both heating and DHW systems.
In the case of lack of metered data on DHW consumption in the apartment building, most accurate data can be determined based on the number of inhabitants; less accurate data can be determined by the number of flats and by the heated area using data provided in Table 2 .
The DHW circulation losses in most cases range from 14 to 27 kWh per m 2 and from 0.59 to 1.49 MWh per household in the investigated buildings. Average DHW circulation losses are 20.5 kWh per m 2 and 1.04 MWh per household. In the case of lack of metered data on heat energy consumption, for evaluation of DHW circulation losses average data on kWh per m 2 can be used.In addition, in this study it is shown that heat losses from DHW circulation loop differ by different design types.
The study has also detected that some consumption characteristics of DHW for apartment buildings are different from the values given in the standardEN 15316-3-1(Heating systems in buildings -Method for calculation of system energy requirements and system efficiencies -Part 3-1: Domestic hot water systems, characterisation of needs (tapping requirements)); therefore, the standard should be specified in national annexes. The appropriate national annexes of EPBD standards for DHW systems are not developed in Latvia. 
